Fencing has been proposed as the best alternative for rapid restoration of streamside riparian zones. In this study the major portion of the streamside riparian zone was excluded by fencing. Use by cows with calves and by yearlings was evaluated on the remaining portion of the riparian and upland zones during the summer grazing season. Regardless of aspect, both classes of livestock generally selected the riparian zone over the uplands throughout most of the summer grazing season. Both classes of livestock reversed their selection in favor of upland vegetation in the latter part of the season. Slopes less than 35% were preferred throughout the grazing season. Cows were more selective in use of certain plant communities than yearlings and, contrary to usual findings, distributed themselves over the range better than yearlings. Neither salt placement nor alternate water location away from the riparian zone influenced livestock distribution appreciably.
Throughout the Pacific Northwest, riparian zones make up a small part of the total land base, yet receive a disproportionately large part of the resource in forest use (Thomas et al. 1979 ). Due to the favorable moisture, riparian zones surpass other habitats in terms of productivity and use. Recreation, timber harvest, road and railroad construction, and grazing by both wildlife and domestic livestock have a dramatic impact on this highly productive zone.
Land managers are under pressure to improve water quality and maintain or enhance anadromous fisheries. The Federal Water Pollution Control Act (1972) requires that by 1983, all waters on public lands will be suitable for recreation and propagation of fish, shellfish, and wildlife; and the elimination of pollutant discharge into navigable water will be required by 1985. The 1972 Act also stipulates that the Environmental Protection Agency will be responsible for monitoring sources of point and non-point pollution. All animals on open ranges are a potential source of nonpoint pollution.
The literature of range management is essentially devoid of information specific to the management of riparian zones. The impacts associated with livestock grazing in the riparian zone have become a subject of controversy in recent years (Carothers 1977) . Potential solutions to preconceived problems are only now being formulated and tested.
Cattle (Bos faurus) prefer the diversity, quality, and succulence of vegetation found in riparian zones (Ames 1977) . The relationship between the microclimate of an area and cattle use is not well documented.
The common solution has been to fence livestock out of the riparian zone. This approach is expensive, both in terms offencing costs and loss of forage. Other less drastic approaches, if successful, would be preferred. This study is part of a larger effort to accumulate information essential to development of livestock grazing systems that could protect riparian vegetation from overuse by cattle. 
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The objectives of this study were to: 1. Determine differences in use patterns of yearling cattle and of cows with calves in pastures containing both riparian and upland mountain range plant communities, 2. Evaluate behavioral responses of cattle that are excluded from the riparian zone by fencing, 3. Determine differences in use between yearlings and cow-calf pairs between cover types on north and south aspects, and 4. Determine differences in 1,2, and 3 above due to the periods within the grazing season (time periods 1, II, and III).
Study Area
The study was conducted in the Blue Mountains of northeast Oregon, on the l2,000-ha Starkey Experimental Forest and Range, 48 km southwest of La Grande, Union County. The area is normally grazed from mid-June until mid-October by 800 animal units belonging to five permittees. The area used in this study included 345 ha representative of the general mix of upland and riparian zones of the area.
The vegetation is typical of mountainous rangelands of the Blue Mountains and has been described by Strickler (1965 )and Driscoll (1955 .
Elevations range from 1,067 to 1,524 m. Annual precipitation averages 50 cm, of which 90% falls as spring and fall rains or winter snow. July and August are the driest months. Frost can occur 
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during any month (Driscoll 1955) .
Soils are predominantly silt loams with parent materials of basalt, ash, basaltic alluvium, and lacustrine deposits. Soil depth varies from 10 cm on the grasslands to I22 cm under forests on the north slopes (Soil Conservation Service and USDA Forest Service 1960).
The study area consisted of two pastures separated by a stream and riparian zone which was fenced into a corridor (Fig. I) . The north pasture comprised 154.32 ha on a south aspect, and the south pasture contained 190.40 ha on a north aspect. Elevations ranged from 1,158 to 1,396 m.
The plant communities within the pastures were defined by Ganskopp (1978) and were grouped to coincide with Hall's (1973) plant communities of the Blue Mountains (Table 1) .
The pastures were divided into riparian (zone 1) and uplands (zone II). Most of zone 1 was fenced to exclude livestock. A small strip of zone 1 remained accessible between the fenceand the toe of the slope (Table 1 ). The remainder of the pastures were included in zone II (Fig. 1) . Not all of the vegetation in zone I demonstrated influence of free water, but other environmental factors characteristic of the riparian zone, such as microclimate, were present. The zone I-11 boundary was defined by a distinct ecotone between plant community types. 4Denotes that these plant communitieseither occurred in the riparian zone or dinxtlyadjacent to it.
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Water for livestock was found throughout the south pasture. The north pasture contained two water sources, both constructed ponds. One was located in zone 1 and the other on a ridgetop in Zone II (Fig. 1) .
Two salt sources per pasture were placed on ridgetops in pasture corners farthest from zone I (Fig. I) .
Weather data were available from four stations located near the study area (Fig. 1) . However, only data from stations 1 and 3 that were located under conifer canopy cover were analyzed.
Methods
The study was designed to determine cattle movements overtwo aspects, with two classes of livestock, using two different vegetation zones. The grazing season was divided into three time periods (July 20-August 12 (I), August 16-September 9 (II), September 13-October 7 (III)). Three observation days of 6 hours each (0400-1000, 1000-1600, 1600-2200 hours) were conducted in each pasture each week. During these observation days, one animal in each pasture was kept under constant observation and its location was plotted on an aerial photo at 30-minute intervals. Although plotted locations at 30-minute intervals did not represent totally independent observations, they were treated as such in the analysis.
On June 30, the north pasture was stocked with IO cows with calves and the south pasture with 15 yearling heifers. The cows were Hereford and Hereford-Angus crosses and the yearlings were Hereford-Angus crosses. Cattle were rotated between pastures every 2 weeks so they spent equal time in each pasture. The phenological condition and availability of plants to graze remained relatively equal between rotations. Each class of livestock was given a 2-week adjustment period in each pasture before the study began. Thus, the grazing season was divided into 3 time periods with 6 observation days occurring every 2 weeks in each pasture.
Five cows and 5 yearlings were marked with collars to insure identification. One cow and 1 yearling were randomly selected and observed throughout each 6-hour observation day. Monday or Tuesday was randomly selected each week as the starting day. One of the 3 observation days was randomly selected each week, and the other 2 observation days followed in sequence until all 6-hour days were completed. Observations of cows and yearlings in the separate pastures were made simultaneously. Each animal's location was identified as to plant community type, slope, zone, and distance to water and salt.
There are different total numbers of observations (Table 2 ) between cows and yearlings because of the problem in locating the random selected animal at the start of observation periods.
Chi-square, analysis of variance, and Student's t-tests at the O.lO-level of probability were employed to test hypotheses concerning nonrandomness of distribution of the cattle in response to the previously mentioned independent variables. Chi-square contingency tests were used to test independence between two factors, cows and yearlings. A Chi-square heterogeneity test was used to test the randomness of animal response to independent variables. Tukey's separation of means test (Steel and Torrie 1960) was used to differentiate between variables when analysis of variance indicated that differences existed.
The plant community types 1-2, 3-4, 5-6-7 in the north pasture and I-2-4, 5-6, 8-9 in the south pasture (Table I) were pooled into larger but still identifiable units because expected values within the types were too small for appropriate use of Chi-square procedures (Steel and Torrie 1960) .
Results and Discussion
The differences in patterns of use between time periods by cows and by yearlings and between cows and yearlings was a response interaction among the vegetation's phenological condition, grazing preference, and climatic changes.
Plant Community Types
Cows and yearlings spent a disproportionate amount of time in the riparian plant communities regardless of pasture aspect during time period 1. Yearlings and cows used the riparian plant communities again in time period II until they were switched and then both selected the upslope plant communities. During time period 111, both livestock classes used the upslope communities extensively but selected different plant communities (Table 2) . Cows with calves grazed the most productive forage areas more widely throughout the entire pastures thandid the yearlings (Table  1) . Although both classes of livestock had a 2-week familiarization period, the cows had grazed the area in previous years and, therefore, were more familiar with it. Greater grazing familiarity on such ranges may have accounted for the wider distribution of cows than yearlings. Cows with calves have greater (per unit of weight) basal metabolic expenditures than yearlings. Maynard and Loosli (1969) described digestible energy requirements as 2,640 kcal/ kg for cows and 2,3 10 kcal/ kg for yearlings. There are added energy expenditures for lactating cows. These differences may contribute to the differences in use of plant community types by cows and yearlings. By selecting the more productive plant communities, cows were able to fill their greater energy requirement. Yearlings could evidently fill their lower requirement by remaining on gentler terrain.
On the same study area, Holechek et al. (1978) demonstrated microclimatic effects. He found that cattle weight gains in predominantly forested pastures, during mid-July to mid-September, were .13 kg/day greater than those on predominantly grassland pastures. These gains were not solely attributed to the higher nutritional quality of the forage in the forested pastures, but also to the cooler microclimate that allowed them to graze longer each day.
Both cows and yearlings used the timber type plant communities more than the upland grassland plant communities during period II. Besides microclimate, grass and grasslike plants on the forested sites have more crude protein and less lignin than those in grassland pastures during this period (Pickford and Reid 1948, Holechek et al. 1978) .
Environmental Conditions
Differences between stations 1 and 3 in mean daily ambient temperature and mean percent relative humidity recordings were 782 tested by Student's I-tests (Fig. 2) . During period 1, there were differences in mean ambient temperature (K.001) and mean percent relative humidity (K.001) between stations 1 and 3. During period 11 there was also a difference between stations in mean ambient temperature (p<. 10) and mean percent relative humidity (p<.OOl). During period III, however, there was no difference between stations in mean ambient temperature (K. 10) while there was a difference in mean percent relative humidity (K.001).
There was a difference in zone selection between cows and yearlings (Table 4 ). Yet, during periods of higher mean ambient temperature and lower mean relative humidity on the upslopes, both classes moved to zone I regardless of pasture aspect. When the mean ambient temperature decreased and the mean-percent rela- tive humidity increased in zone 1, both cows and yearlings moved upslope to zone II. Ungulates have few mechanisms by which to control body temperature. They can do one or more of the following things to cope with excessive heat: (1) accelerate respiration; (2) consume water; (3) restrict movements or rate of movement; (4) seek more comfortable environmental conditions; or (5) perspire through relatively insufficient apocrine sweat glands. All of these actions tend to reduce the metabolic rate. Figure 2 shows that the temperature was cooler and the humidity higher in the riparian zone during time period 1. Both cows and yearlings selected zone 1 over zone 11. Slopes of less than 20%, a cooler microclimate, available water, and available forage quantity and quality apparently combined to produce a more desirable situation.
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The dramatic change in both cow and yearling use of plant community types, slope, and zones in time period 11 was influenced by forage quality and quantity during this period and also by thundershower activity. On the two occasions when thundershowers produced 1.27 mm and 4.83 mm of precipitation, both cows and yearlings moved from zone 1 to zone II.
During period III, both classes of livestock largely avoided zone I. In the north pasture, both cows and yearlings avoided zone I. In the south pasture, however, the yearlings avoided zone I while the cows made disproportionately heavy use of zone I. Some of this change could also be attributed to the two thunderstorms that produced .5 mm and 2.29 mm of precipitation.
Overall, mean-percent relative humidity appeared to have more During period Ill, there were no significant differences in mean ambient temperature between weather stations 1 and 3 (Fig. 2) but there was a much higher mean percent relative humidity in the influence on livestock distribution than temperature. Both cows riparian zone. In addition, available forage was greatly reduced in and yearlings preferred zones where the relative mean humidity zone 1 due to grazing and the vegetation in zone 11 had received little use. The vegetation in zone 11 was cured, but precipitation had was 60-70% regardless of temperature (Table 4 and Fig. 2) . stimulated regrowth and softened the cured vegetation making it more palatable.
Enrenreich and Bjugstad (1966) explained spring cattle grazing activity in the Missouri Ozarks in a similar manner.
Effect of Slope
Cows used more slope classes and plant community types than yearlings (Table 3) . As slope increased, frequency of use by both livestock classes decreased (Table 3) . Phillips (1965) , Glendening (1944) , Hedrick et al. (1968), and Mueggler (1965) have reported similar results.
Both cows and yearling selected areas with slopes less than 35% in both pastures. Some 54% of the north pasture had slopes less than 35% that received 85% of the livestock use. In the south pasture, 28% of the area had slopes of less than 35%and received (Table 3) . This is contrary to the observations of Hedrick et al. (1968:4) 
classes of cattle in declining order of suitability for these areas is as follows: Steers, replacement heifers, young cows with grazing experience in [the] area as heifers, old cows without calves, and regular cows and calves."No data was presented in support of this contention. Hickey and Garcia (1964) , working with cattle distribution and forage utilization on non-forested ranges in New Mexico, concluded that, "Yearling cattle utilize grasses more uniformly over variable terrain than . . . cows with calves. . . .On rough terrain more uniform utilization may be attained by grazing with yearling heifers. . . ." Data were presented to support this contention.
There is no satisfactory way to explain the differences in the distribution patterns of cows with calves and yearlings reported here and those reported by Hedrick et al. (1968) and Hickey and Garcia (1964) . In future studies, we will pay particular attention to this aspect of livestock behavior.
Water
Free water was available in zone 1 and the extreme upper end of the north pasture (zone II) (Fig. 1) . Table 5 illustrates the influence of water on the distribution of cows and yearlings during each time period. During time period I, the cows remained closer to water than did yearlings. This can probably be attributed to the cow's greater need for water caused by body size and lactation. In time period II, there was no statistical difference between cows and yearlings, in terms of their distance from water. Their activities and behavior, however, were altered by the thundershower activity. At the beginning of this time period, COWS stayed closer to water and then increased their distance from it. However, yearlings distributed themselves closer to the water than cows and maintained that distance throughout the period (Table 5 ). The yearlings were in the pasture before the thundershower activity, and the cows were present during the thunde'rstorms.
In time period III, water was ineffective in distributing cows or yearlings. Although there was a difference in how cows and yearling were distributed, they both responded similarly to the progression of the grazing season (Table 5 ). This could be attributed to the cooler temperatures (which influenced water consumption rates), fall regrowth, softening of the cured forage, and/or a decrease in lactation production by cows.
Water in the upper end of the north pasture ( Fig. 1) received little use by either cows or yearlings until time period III. The cows were exposed to the upper water source when they were initially introduced to the pasture. Although it seemed likely that this water source might attract the cows (and away from the riparian zone) for a short time, it did not. The cows were introduced into the pasture at this water source in the late afternoon and by early morning they were in zone I. ?3gniticant difference between time periods, I-11, I-III, and U-111 (fP.10) for yearlings.
Provision of water is usually considered the most important tool for influencing distribution of livestock (Cook and Jefferies 1963 , Glendening 1944 , Martin and Ward 1970 . Because of the availability of water in the riparian zone and the necessity for cattle to negotiate steep slopes to reach the upper elevation water source, such was not the case here. Findings suggest that water is much less effective for influencing cattle distribution in areas where water is present in the already disproportionately attractive riparian zone.
Salt
Though there was a difference in the way cows and yearlings distributed themselves in relationship to salt, it was not effective in altering distribution between livestock classes (Table 5) . During time period III, the cattle moved from zone I to 11. This move put them closer to salt, but they appeared not to be influenced by the salt per se. The behavior in time period III contrasted to that in periods 1 and II. It was anticipated that salt consumption would be highest during the early grazing season when forage plants were most succulent. Cattle probably choose not to expend the energy necessary to climb out of the canyon bottom to obtain the salt. Once they moved out of the canyon bottom in response to other factors, they did use some salt which is similar to what Cook (1966) found.
These cattle used the salt when convenient but did not alter behavior patterns to obtain it. There did appear to be some relationship between cattle movement and salt use during time period II. This was related to general movements from zone I to II during thundershower activity. Martin and Ward (1973, p. 96 ) reached these conclusions:
Placing salt or meal-salt mixture on remote parts of the range where forage is abundant will increase utiliztion of perennial grasses in such areas but will not greatly decrease use on areas closer to water.
Placement of salt or meal-salt alone cannot be expected to cure a serious distribution problem. . . . (1965) suggested that range cattle required little supplemental salt in addition to that present in forage, but their appetite compels them to use it as a condiment. Hedrick et al. (1968) contended that salting in other than supplemental forms had little effect on livestock use patterns in mixed coniferous forest types. Morris and Murphy (1972) maintained that salt requirements of cattle have not been demonstrated.
Skovlin

Conclusions
The following conclusions are preliminary in that the study was conducted for I grazing season in 2 pastures. Pasture configuration may also have influenced distributional patterns.
Cows and yearlings concentrated their use in the riparian zone. This resulted from comfort (microcIimate), energy conservation, availability of succulent vegetation, or a combination of these factors. Lower temperatures and higher relative humidity occurred in zone I in time periods I and II. Cows used more plant community types regardless of aspect than did yearlings, with concentration on the more productive of these types.
Slopes less than 35% were preferred by both classes of cattle regardless of pasture aspect. The cows made more use on the steeper slope classes in both pastures, however, than did yearlings.
Salt placement in upper portions of the pastures did not induce cattle to use these areas nor did it reduce cattle concentrations on riparian communities. Manipulation of access to water as a means of controlling cattle use of riparian zones needs further research to determine its effectiveness in increasing livestock distribution.
Leaving a portion of the riparian zone available to cattle exposed a very attractive plant community type of which livestock demonstrated a high preference. Eliminating access to water near this area would probably have lessened the problem of cattle concentrations.
Recommendations
Data suggest that because of limited use of slopes over 35%, a case-bycase determination of cattle stocking rates should be considered.
When forage-rich riparian zones are available at the bottom of narrow canyons, they are attractive to cattle and concentrate their activity. This feature should be carefully considered when preparing a range management plan or implementing practices.
When fencing riparian zones to exclude livestock, care should be taken to insure that all riparian plant community types are included. To eliminate livestock concentrations in the riparian zone it might be better to place the fence on the first flat area above the stream.
Conditions of temperature and relative humidity in late season (period 111) produced a less comfortable environment in canyon bottom riparian zones and more comfortable environments on the upslopes. It is possible, therefore, that stocking pastures with riparian zones during the cooler part of the grazing season would lessen cattle impacts.
Cows with calves used more slope classes and more plant communities than did yearlings-i.e., cows can be assumed to have better and more complete utilization of available forage than do yearlings. Cows with calves should be stocked, in preference to or in combination with yearlings, to increase distribution and, in turn, utilization of forage in pastures with the characteristics of those found in the study area.
In summary, in the study area pastures, inclusion of pastures with riparian zones as separate units in a rotation grazing system and by grazing these pastures late in the grazing season by cows with calves will produce the best use of the upland forage resources. In turn, this treatment should reduce grazing impact on the riparian zone.
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